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(71) We, American Optical Cor- 
poration, a corporation organised under the 
laws of the Sate of Delaware, United States 
of America, of Southbridge, Massachu- 
5 setts 01550, United States of America, do 
hereby declare the invention, for which we 
pray that a patent bay be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 

10 by the following statement: — 

This invention relates to holography and 
more particularly to methods and appa- 
ratus for the elimination of speckle patterns 
in reconstructed holographic images. 

15 In the construction of a hologram, a re- 
cord is made of the interference pattern de- 
veloped by reference coherent light and 
coherent light of the same wavelength re- 
flected from the object under consideration. 

20 The hologram can be thought of as a re- 
cord of the arrestment of an expanding 
electromagnetic field from the object. To 
reconstruct an image of the object, coherent 
light is passed through the hologram. The 

25 effect is as though the previously arrested 
electromagnetic field has been released, i.e., 
permitted to continue propagation without 
modification. Little difference exists be- 
tween viewing the original object field and 

30 the reconstructed image field. 

Except in very special circumstances, 
ordinary light sources are inadequate for use 
in holography because of their lack of 
spatial and temporal coherence. With the 

35 advent of the laser, however, considerable 
attention has been given to the field of 
holography. Although many techniques for 
constructing holograms and reconstructing 
images from them have been developed, 

40 they all result in speckle in the reconstructed 
images. The speckle pattern, which typically 
consists of numerous small light blotches, 
and is an overall non -information carrying 
pattern (sometimes hereinafter referred to 

45 as " background ") is annoying to the ob- 



server and may be intolerable in an applica- 
tion where details of the reconstructed ob- 
ject are of the some order of magnitude in 
size as that of the spsckle " noise 

The appearance of speckle is characteristic 50 
of objects illuminated by laser light. Speckle 
is observed when looking at an object illu- 
minated by laser light — even divorced from 
a holographic set-up. Since the speckle is 
a component of the overall image perceived, 55 
it is also reproduced in a hologram. Con- 
sequently, the reconstructed image also ex- 
hibits speckle. 

It has been suggested that the speckle 
which is observed in objects illuminated by 
laser light could be diminished by the in- 
corporation into the illuminating laser beam 
of a moving scatterer, such as a rotating 
ground glass plate. In such laser illuminat- 
ing system, the presence of the moving 55 
scatterer, which can be disposed at any 
location along the length of the laser beam, 
tends to average out the speckle pattern 
thereby rendering the visible speckle less 
pronounced. Attempts to carry over this 70 
concept into the making of a hologram have 
been unsuccessful, resulting in the destruction 
of the required interference patterns in the 
holoram-recording medium. 

It is a general object of this invention to 75 
provide a method and apparatus for use in , 
holographic image reconstruction to reduce 
the severity of the speckle by providing a 
more uniform and less discernible speckle 
pattern. *>0 

According to the invention there is pro- 
vided a method of reconstructing a holo- 
graphic image for reducing the speckle back- 
ground thereof including the steps of: 

(1) directing coherent light to a hologram 85 
so as to illuminate said hologram 
and transmit therethrough, 

(2) scattering the light from the coherent 
light source prior to its transmission 
through the hologram to produce a 90 
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scattering pattern, and ttar t no 
(3) continuously varying the scattering 

pattern produced in step (2). 
Features and advantages of the invention 
5 will become apparent from a study of the 
accompanying description ^ of 
thereof given by way of example taken in 
conTunctfon with the accompanying draw- 
ings in wbioh: schemat . c repre?entati of 
a typical system for constructing a holo- 

51 nh 1A shows, on a greatly enlarged 
scale a portion of the object shown m FIG. 

15 1: FIG. IB shows typical distributions of 
laser light reflected from four £ry d°- 
object points on the object of F1(j5>. t ana 

?0 1A FIG 2 is a schematic represenation of a 
2 system for reconstructing a holographic 

^HG 2A is an enlarged view of the beam 

*« 'TrrsVuS IcSJrict ^lustrative distri- 

30 cirtaui critical dimensions to be described 
be FIG 3 is another representative system 
for constructing a hologram; t . 

35 FIG. 4 is another yg4«~ffiSd 

Sr^K^affSiico with 

the preset mvenuon^ holo 

40 ^constructing system, this one useful 
to holographic microscopy; and 

FIG 6 is a system constructed in acco - 
o » a jr invention for re- 

dance with the P resem -j" t l hologram 

structed ana tne i s illumination of 

SStal wavefront possess** properties of 
eharaetemtre of the tfgeO. w J 

,5 SCS*"^ S °a»T appropriate 



manner (i.e., on a photographic film). All 
of the information which is uniquely charac- 
teristic of the expanding electromagnetic 
field and the corresponding object point of 
a three-dimensional object are preserved on 70 
the hologram. The relative phase of any 
elemental wavefront and its obliquity to 
the reference plane in which the hologram 
s made is determined by the relauye post- 
tion in space occupied by the radiating ob- '=» 
erf point. The amplitude of such ele- 
mental wavefront is determined by that 
object point's reflectance and or trans- 
mittanceand the distance of the elemental 
wavefront from the object point. 

In the making of a hologram, the coherent 
light may either impinge upon an opaque 
object and be reflected therefrom ^ or the 
coherent light may be passed through ^ a 
partially transparent object. The colie rent 
& after being subjected to the object 
being viewed, records the requned informa- 
tion on the hologram to subsequently allow 
reconstruction of an image of the object. 
While both film and the retina of the human 90 
eye are sensitive to light intensity, neither 
can detect phase which is an essential 
channel of information to retain the com- 
pfetecharacteristic of the three-dimensional 
object. In holography, the recording of all 95 
available information is accomplished by 
introducing a reference beam which passes 
from me source directly to the photographic 
film where it interacts with the light 
emanating from the object to record on the 100 
hologram all of the phase and amplitude 
information uniquely characteristic of the 
object field for subsequent reconstruction 
of an image of such object field. For a 
aetaflei description of the underiymgpheno- 105 

niena of holography, reference may be made 
to a paper entitled "The Hologram and its 
Ophthalmic Potential" which appeared m 
Ae American Journal of Optometry and 
Archives of the American Academy of 110 
Optometry, June 1966 (pp. 1-13). . 

The arrangements described herein may 
find application in a wide vanety of systems 
F°r reconstructing holograms mcluding those 
in which the hologram was originally con- 115 
structed with collimated or plane wavefronts 
or with spherical wavefronts and with 
diverging and converging light beams. It 
wulTlso be appreciated as the descnption 
proceeds that^e arrangements described 120 
herein may find useful application for the 
direct viewing of a reconstructed image 
from a hologram or for the viewing of the 
m5e with the aid of an optical instrument, 
and in particular in holographic microscopy. 125 

There now follows in conjunction with 
FIGS 1 and 2 a description of a typical, 
but nonetheless illustrative, system for con- 
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FIG. 1 there is shown schematically and 
diagramatically a system, generally desig- 
nated by the reference numeral 10, for con- 
structing a hologram. The hologram-making 

5 system 10 utilizes collimated or plane waves 
for illuminating the object 12 and for estab- 
lishing the requisite reference beam, and 
records the necessary information on a 
photographic film or other recording 

10 medium 14. Specifically, a laser source 16 
is provided which produces a laser light 
bundle 18. Typically, the laser 16 may 
be a ruby or gas laser which produces a 
beam 18 of a wavelength compatible with 

15 the recording medium or film 14. The 
coherent light bundle 18 is passed through 
a beam expander 20 which includes two 
optical systems 22, 24, illustrated for sim- 
plicity as being single lenses having focal 

20 points which are coincident or nearly 
coincident. Various types of beam ex- 
panders 20 may be employed to increase 
the cross-section of the original light bundle 
18 to produce an expanded bundle 26 which 

25 is then passed to a mirror 28 and to a three- 
dimensional object 12. As is generally 
understood the mirror 28 produces a re- 
ference beam 30 while the object 12 pro- 
duces a reflected object beam 32. The re- 

30 ference beam 30 interacts with the object 
beam 32 to produce the required inter- 
ference pattern containing the phase and 
amplitude information related to the object 
12 which the recording medium accepts and 

35 retains for subsequent reconstruction of an 
image of the object. 

In FIG. 2, there is illustrated a typical 
reconstruction system 34 for reconstructing 
an image in space of the object 12 recorded 

40 on the hologram produced in the first in- 
stance with the construction system illus- 
trated in FIG. 1. The elemental and 
illustrative reconstruction system 34 in- 
cludes no optics for viewing the recon- 

45 structed image 12'. Rather, the viewer 
places his or her eye E at a viewing posi- 
tion appropriate to receive the reconstructed 
image -carrying bundle 36 as it emanates 
from the hologram 14. Specifically, the re- 

50 construction system 34 includes a laser 38 
which preferably produces a laser light 
bundle 40 of the same wavelength as em- 
ployed in originally constructing the holo- 
gram 14. As it is generally understood by 

55 those skilled in the art, a laser output of a 
different wavelength may be used to re- 
construct the image 12' from the hologram 
14. Depending upon the wavelength 
difference, there will be differences in the 

60 magnification of the reconstructed image 
12'. The reconstruction laser light bundle 
40 is passed through a beam expander 42 
including optical systems 44, 46 to produce 
an expanded beam 48 of a size sufficient to 

65 illuminate the entire hologram 14. The 



expanded beam 48 is reflected by mirror 50 
onto the hologram 14, with the mirror pro- 
ducing a reconstruction beam 52. A folded 
optical system is disclosed in the illustra- 
tive reconstruction arrangement of FIG. 2 70 
to bring the same into a close optical 
parallelism with the hologram-producing 
system of FIG. 1 for simplicity in under- 
standing. However, it will be appreciated 
that the expanded beam 48 may be applied 75 
directly to the hologram to serve as the 
reconstruction bundle. As is generally un- 
derstood, when the hologram-making system 
10 includes coherent light emanating from 
a reference point P (se FIG. 1), it is essential 80 
in the reconstruction system 34 to provide a 
corresponding reconstruction point RP. 
However, in the illustrative system, the re- 
construction point RP is not critically related 
to the total path length from the recon- 85 
struction point to the hologram in that 
this hologram was produced with colli- 
mated or plane waves. As will be described 
hereinafter, the spacing of the reconstruc- 
tion point to the hologram is important 90 
when employing systems wherein sperical, 
diverging or converging reference bundles 
are employed in the initial production of the 
hologram. For the illustrative reconstruc- 
tion system, it is also generally understood 95 
that the hologram 14 will produce another 
reconstructed image in addition to virtual 
image 12'. Such additional image is of no 
interest in this illustrative embodiment and 
therefore is not illustrated, and will not 100 
be further described. However, it is to be 
expressly understood that the present in- 
vention finds useful application in improv- 
ing such additional image. Further, as is 
generally understood, appropriate optics 105 
may be provided in alignment with the re- 
constructed image-carrying bundle 36 to aid 
the viewer in observing the reconstructed 
image 12'. 

The reconstructed image 12' will be a 110 
faithful reproduction of the object 12 but 
will include a speckled background pro- 
duced as a result of the original illumina- 
tion of the object with the coherent or laser 
light source and extraneous artifacts, such U5 
as film granularity and dust particles in the 
optical system. As heretofore indicated, 
this speckle background pattern, which is 
characteristic of objects illuminated by 
laser light, is troublesome. Such speckle 120 
may become intolerable in those applica- 
tions where details in the reconstructed ob- 
ject are of the same order of magnitude 
of the speckles since such speckles will 
obscure recognition of details. Particu- 125 
larly in the field of microscopy, where such 
fine details are often highly significant, the 
presence of the speckles limits the useful- 
ness and efficacy of holographic tech- 
niques. 130 
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An understanding of the speckle pheno- 
menon is best had by a consideration of 
Se hologram-making system 01 FIG 1, die 
reconstruction system of FIG 2 and* 
5 ft^'T^o^t Silly enlarged 
scale a portSn of the object . 12 having 

points on the object « iU ustrative 

soaced from each otner in n „ 0 „, 

reflectance (or transmittance) of thes- 

object, dust partic es in th . e °^k al system 
wave front aberrations in the optical s y sl ^i"» 

svstLm V recirded on the hologram. JO» 

Afit is generally understood, when totally 
$Kffify incotawt light, «.« 

*E^£5E?n5»i -5X8 

^rrf« The sum produces a uniform 
oSound T wlen Uluminadng ^ith totally 
incoherent light, as contrasted to the non- 
« uniform or speckled background produced 

Sfi speckle ^patterns which speck* 

?»totiro?LSrS..ti-t *e total 
65 speckle pattern is ancle uniform. Ih.s 



nresents a new threshold background which 
does not interfere with or obscure the detad 
of the reconstructed image 12. ibe aam 
Sana 1 speckle patterns, which are spaced in 
Sme and rapidly presented to the viewer 70 
who Deceives only an integral pattern, are 
nrdduced £ a manner wherein the useful or 
desKd optical information which produces 
ffSoSrocwd image 12' is enhanced and 
reinforced over the now uniform, back- 7i 
3 Stated somewhat differently, there 
ff produced with the arrangement described 
a set of images which are mutually inco- 
IJZL Each image of the set contams a 
oXrouS noS of speckle pattern winch 80 
if different from one image to another of the 
set Each toage of the set will also con- 
f h the useful image which is the same 

the random background noise will establish 
o unffornTbackground level, while the use- 

Sound fevel wUl be enhanced (as compared 

S roir s'ef of^aget fiSSfft ft 
^matio? of the plural images of the set 
As viewed by the observer, the end result « 
will be a more pronounced reconstructed 

ife « sw* - - 

C °Si Serous scatters which may 
be employed for improving the quahty of 
^econs^ed holograph ic g***™* ^ 

pracuuii . th reconstruction 

dhSSK* Sough the uS of 110 

muWple lenses, moving "5^X5 
rnlloidal solutions (i.e., milk) ana otner 
neriodic and random moving mechanisms 
For producing a continuously changing 
scatte? of the reconstruction ^beam ^ ^ 

enUW viewof "ean^xpander 42 of Fia 
2 the moving scatterer S may take the form 
of I l eround glass plate 54 which is mounted 
for Sa on shaft 56 at an appropriate 
speeT Se speed of rotation isnot^ 125 
and may range anywhere from 10 KFM 
Sards depending upon the radial 
Hi^An-e from the axis of rotation to the 
o P erative-po?iion of the glass 54, the wave- 
legth of the laser output, the size of the 130 
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random structure formed on the ground 
face 58 and other variables which must be 
taken into consideration in specialized 
situations. The optimum speed in any 
5 system is best determined by trial-and-error. 
The ground glass face 58 is disposed in a 
plane 60 which is spaced from the recon- 
struction point RP by the distance " s " (see 
the enlarged showing in FIG 2D). The 

10 spacing " s " of the ground glass face 58 
from the reconstruction point RP is selected 
as hereinafter detailed to provide a multi- 
plicity of secondary reconstruction points 
RP 2> without appreciably enlarging the pri- 

15 mary reconstruction point RP and bringing 
about a corresponding degradation in the 
resolution of the image of interest. Still 
considering FIG. 2A, the ground glass plate 
54, when stationary, will produce a charac- 

20 teristic radiation pattern including a strong 
forward lobe 62 and a large number of 
sidelobes 64. The strong forward lobe 62 
produces a corresponding strong forward 
transmission of the primary reconstruction 

25 point RP, while the multiplicity of angularly 
extending sides lobes will produce corres- 
ponding weaker secondary reconstruction 
points RPi distributed in the same plane 
as the reconstruction point RP. This pro- 

30 duces a plane of reconstruction points, 
generally designated by die reference nume- 
ral 66, which is spaced from the ground 
glass face 58. 

The multiplicity of secondary reconstruc- 

35 tion points RP 2 will produce the desired 
random speckled background, yet the 
spread of the primary reconstruction point 
(represented by the dimension " d " in 
FIG. 2D) will not appreciably degrade the 

40 resolution of the reconstructed image upon 
proper selection of dimension " s ". The 
function of the moving scatterer is to pro- 
duce, as far as the observer's eye is 
concerned, a set of background images 

45 which are different from each other due to 
the randomness of the side lobes 64 of the 
ground glass 54. The scatter will also pro- 
duce a set of images of interest which are 
not random and are of a magnitude deter- 

50 mined by the strong forward lobe 62 of 
the ground glass 54. It will thus be appre- 
ciated that the moving scatterer, in con- 
junction with the eye of the observer, will 
integrate the mutually incoherent images 

55 due to the randomness of the speckle and 
reinforce the image of interest, providing 
a reconstructed image against a greatly 
subdued and uniform background which 
does not inhibit the usual perception of 

60 detail. 

The function of the moving scatterer S 
in the present reconstruction system 
may better be understood by re- 
ference to FIGS. 2B and 2C. In 
65 FIG. 2B, one localized primary amplitude 



pattern associated with the object point 0' 
(see FIG IB) is illustrated, along with the 
secondary localized amplitude patterns of 
reduced level produced by the secondary- 
reconstruction points introduced into the 70 
system by the scatterer. For this illustra- 
tion, the scatterer is considered to be 
stationary. The scatterer produces the 
secondary localized amplitude patterns 
0i\ 0 2 / , 0 3 ' which are of a magnitude, num- 75 
ber and in a spatial relation determined by 
the construction of the scatterer. These 
secondary localized patterns interfere with 
each other and with the primary pattern of 
interest to produce a pattern of speckle 80 
which would still be undesirable if the 
scatterer remained stationary. The sum of 
the secondary localized patterns produces 
an average speckle level which is of a 
relatively low magnitude as compared to the 85 
primary localized pattern of interest. It 
will be appreciated that different average 
speckle levels will be produced by the 
multiple secondary localized patterns asso- 
ciated with each primary pattern and each W 
object points (see FIG. IB). 

The results produced by movement of 
the scatterer (i.e., rotation) are best appre- 
ciated by reference to FIG. 2C. As the 
scatterer is moved, the eye will retain (i.e., 95 
by persistence of vision) the successive 
images associated with the many object 
points from which the image is recon- 
structed, with the identical images of in- 
terest produced by each image point being 100 
superimposed and reinforcing and enhanc- 
ing each other, as illustrated in the most 
elemental form in this figure and desig- 
nated as " Image I " and " Image II 
Concurrently, the eye will retain the speckle 105 
levels associated with the respective images 
(i.e., Speckle Level I and Speckle Level ft). 
These speckle levels are not only different 
from each other but in addition also include 
different speckle patterns. The result of 110 
averaging by the human eye will be to 
enforce the image of interest and to subdue 
the speckle levels, as well as to average 
the speckle or noise information contained 
in each instantaneous image. 115 

It will of course be appreciated that the 
reference to the human eye in describing 
this system is in no wise intended to be 
limiting. The human eye, photographic 
films and other two dimensional arrays of 120 
detectors for recording radiation in the 
optical spectrum will have a typical ob- 
servation time and will integrate the visual 
informtion presented within that observa- 
tion time. Thus, the observation of en- 125 
hanced reconstructed images in accordance 
with the present invention may be achieved 
either by the human eye or by comparable 
recording media. 

Refering to FIG. 2D, the considerations 130 
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for the placement of the moving scatterer 
relative to the plane of reconstruction 
points 66 will now be described. If the 
effective plane 60 of the scatterer were to 
s contain the reconstruction point RP, then 
the scatterer would not produce secondary 
reconstruction points RPi- Thus, the 
scatterer must be spaced from the recon- 
struction point RP. Spacing of the scatterer 

10 from the reconstruction point RP produces 
the secondary reconstruction points RPi, 
but also brings about an enlargement of the 
primary reconstruction point RP. Increas- 
ing the" radial dimension " d " of the recon- 

15 struction point RP manifests itself in the 
reconstructed image as a loss of resolution. 
Thus, a compromise must be arrived at 
between the necessity and desirability of 
establishing secondary reconstruction points 

20 RPi for the effective elimination of the 
speckle, yet without appreciably affecting 
the resolution of the reconstruction system. 
In any eiven system, the forward lobe 62 
of the scatterer is determined. Construction 

is lines 68, 70 are drawn as tangents to the 

" sides of the forward lobe 62 and extended 
back into the plane 66 of secondary recon- 
struction points. This provides an indica- 
tion of the enlargement of the primary re- 

30 construction point RP and the correspond- 
ing loss of resolution in this system as a 
function of the distanced". The following 
formula can be derived wherein " s " is the 
spacing along the optical axis of the 

35 system between the effective plane of the 
scatterer 60 and the plane 66 of secondary 
reconstruction points, " d " is the diameter 
of the expanded primary reconstruction 
point RP and the angle 0 is the included 

40 angle between the tangential construction 
line 68 and the centre line from point RP 
to the base of the lobe: s=d/(2 tan 0). 

In any given system, the resolution will 
determine the permissible variation in 

45 dimension "d" which may be expressed 
in any convenient units (i.e., microns). 
From this, the distance " s " may be estab- 
lished from the reconstruction point RP. 
For any given scattering plate the value 

50 of 0 is fixed. The maximum tolerable 
value of "d" can be determined by 
experimentation. Thereafter, the scatterer 
is placed such that the dimension ' s is 
less than or equal to d/(2 tan 0). In a 

55 typical system for the reconstruction ot 
images from holograms in holographic 
microscopy, the ground glass face 58 is 
spaced from the plane of reconstruction 
points a distance of 4 mm; the operative 

60 portion of the rotating ground glass is 
spaced approximately 5 cm from the axis 
of rotation; and the disc is rotated at a 
speed of approximately 60 RPM. 

When the scatterer is placed at an axial 

65 distance away from the reconstruction point 



source, it will appear as if there is one 
strong central point source with many other 
much weaker sources distributed around 
the central source. It is by moving the 
scatterer, perpendicular to the axis of the "U 
reconstruction light bundle, that the weak 
points vary in position while the strong 
central point remains unchanged. This re- 
sults in the desired effect of a varying 
speckle pattern which is incoherent be- 75 
tween successive locations on the scatterer. 

Reference will now be made to FIGS. 
3 and 4 for a description of further systems 
wherein a diverging reference and object 
illuminating beam are employed in con- SO 
structing the hologram and reconstructing 
an image of the same. First referring to 
FIG 3, the hologram-producing system is 
seen to include a laser 72 which provides 
laser light bundle 74 which is passed ^ 
through an optical system 76 composed of 
one or more optical elements (i.e., lenses 
and mirrors) which, in combination, pro- 
duces a diverging coherent beam 78. The 
divergine beam 78 is reflected by mirror 80 90 
to produce at the hologram-recording 
medium 82 (i.e., photographic film) a re- 
ference beam 84, and by object 88 to pro- 
duce object beam 86. These beams inter- 
act as previously described to produce the 95 
required interference pattern on the medium 
or film 82. In this system, the coherent 
light emanates for all practical purposes 
from the reference point P. The reference 
point P is spaced from the hologram 82 1U0 
by the distance equal to the sum of L x and 
L., measured along the axial ray of the 
folded reference bundle 78, 84. 

In FIG. 4 there is disclosed a recon- 
struction system for the folded hologram- 105 
producing system illustrated in FIG. 3. 
The reconstruction system is shown for 
illustrative purposes as not being folded 
and once again is illustrated with no addi- 
tional optics to view the reconstructed 110 
image 88' of object 88. In this system, the 
hologram 82 must be placed at a distance 
from the reconstruction point RP produced 
by the laser 90 at a distance equal to the 
axial distance Li+L*. This will assure the 115 
same magnification ratio and the lack of 
optical aberrations. Of course, in a system 
which can tolerate such change in magnifi- 
cation and /or optical aberartions, the spac- 
ing is not critical. As in any reconstruc- 120 
tion system, the laser 90 produces a beam 
92 which as for the hologram-making 
system of FIG. 3 is subjected to a beam- 
diverging optical system 94. This achieves 
the same degree of divergence as attained J 25 
with the optical system 76 and mirror 80 
in the hologram-making system of FIG. 

In the arrangement described herein, a 
moving scatterer 96 is introduced into the 130 
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reconstruction system spaced toward the 
hologram 82 from the reconstruction point 
RP in acordance with the principles hereto- 
fore discussed. In the hologram-making 
5 and reconstruction systems illustrated re- 
spectively in FIGS. 1 and 3, and 2 and 4, 
the individual path lengths of the reference 
beam and the object beam have been illus- 
trated as being substantially equal. How- 
10 ever, equal path lengths are not required 
for the making of holograms and the re- 
construction of images therefrom. Varia- 
tions in the respective path lengths may be 
tolerated, depending upon the coherence 
1 5 length of the laser radiation being employed 
in the system. Although the illustrative 
systems have substantially equal reference 
and object path lengths, it is to be specific- 
ally understood that the invention finds 
20 useful application in systems wherein the 
paLh lengths are radically difierent from 
each other, provided of course that they 
fall within the permissible limits of the 
laser radiation. 
25 Embodiments of the present invention 
may find useful application in a wide variety 
of systems wherein an image is to be 
reconstructed from a hologram produced in 
the first instance by a coherent light source 
30 of the type producing a characteristic 
speckle pattern. The arrangement may find 
particular application in holographic micro- 
scopy where the presence of a speckle 
pattern seriously interferes with the identi- 
35 fication of detail. For example, if a holo- 
gram is made of a minute blood cell, the 
presence of speckle might interfere with the 
usefulness of the hologram in having a 
permanent record for the blood cell and the 
40 detail thereof. For illustrative purposes, 
there is shown in FIG. 5, a holographic 
microscope, generally designated by the re- 
ference numeral 100, which includes a laser 
102, the beam 104 of which impinges upon 
45 a beam splitter 106 which produces a re- 
ference beam 108 and an object beam 110. 
The reference beam 108 is directed by 
mirror 112 to a microscope objective 114 
which functions as a beam diverger with the 
50 divergent beam 116 reflecting off a beam 
splitter 118 onto the photographic plate 120 
which makes the holographic record. The 
object beam 110 is directed by mirror 122 
through a conventional microscope 124 
55 having the eye piece removed and including 
the usual condenser lens 126, the object 
stage 128 and the magnifying objective 130 
which may be focused on the object in the 
usual fashion. The transmitted object in- 
60 formation is contained within beam 132 
which passes through beam splitter 118 and 
interacts with the reference beam 116 to 
provide the required holographic record 
120. Thus, there is provided a permanent 
65 and reproducible three-dimensional record 



of whatever is displayed in the microscope 
on the stage 128 thereof. 

Reconstruction is achieved by the system 
illustrated in FIG. 6. The reconstruction 
system, generally designated by the re- 70 
ference numeral 134 includes a laser 136, 
the beam 138 of which is subjected to the 
action of an expander 140 which includes a 
diverging objective 142 and a collimator 
144. The expanded beam 146 passes 75 
through the hologram 120. The recon- 
structed object bundle 148 which emanates 
from the hologram is collimated by the 
lens system 150, with the collimated beam 
152 being directed by mirror 154 to a view- HO 
ing telescope 156 which includes objective 
158 and an eye piece 160. In the holo- 
graphic-microscopy reconstruction system 
134 of FIG. 6, the laser emits a bundle 
which appears to emanate from reconstruc- 85 
tion point RP but which is essentially inde- 
pendent from the reference point in the 
holographic microscope of FIG. 5 due to 
magnification introduced in the object beam 
by objective 130 prior to recording the ob- ^° 
ject information. In the making of the 
hologram in the microscope each point is 
magnified many times before the informa- 
tion related thereto is recorded on the 
hologram. Thus, in the reconstruction 95 
thereof many aberrations introduced by 
having the reconstruction point aberrated 
due to any cause (including not relating it 
to the reference point in the hologram 
making system) are not significant in rela- 100 
tion to the magnified image point being re- 
constructed by the system. 

However, the moving scatterer, here 
illustrated as a rotating ground glass plate 
162, still must be appropriately spaced in 105 
relation to the reconstruction point in 
accordance with the principles heretofore 
detailed in that these aberrations would 
be significant in the reconstruction system. 
The spacing and the permissible degree of HO 
adjustment of the ground glass relative to 
the reconstruction point is related to the 
angle 6 (FIG. 2D). If the angle 0 is large 
the spacing is correspondigly small. In this 
illustrative embodiment, the ground glass 115 
plate is mounted on shaft 164 which is 
supported on appropriate bearings and is 
driven from motor 166, the speed of which 
is controlled by rheostat 168 as is generally 
understood. 12U 

WHAT WE CLAIM IS: — 

1. A method of reconstructing a holo- 
graphic image for reducing the speckle 
background thereof including the steps of: 

(1) directing coherent light to a holo- 125 
gram so as to illuminate said holo- 
gram and transmit therethrough, 

(2) scattering the light from the coherent 
light source prior to its transmission 
through the hologram to produce a 130 
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scattering pattern, and 
(3) continuously varying the scattering 
pattern produced in step (2). 

2. A method for reducing the speckle 
5 background of a reconstructed holographic 

image in accordance with claim 1 wherein 
said varying scattering is produced by 
changing the position of a scatterer in the 
path of said coherent light. 

3. A method for reducing the speckle 
background of a reconstructed holographic 
image in accordance with claim 2 wherein 
said varying scattering is produced by con- 
tinuously moving a ground glass plate m 

15 the path of said coherent light. 

4. A method for reducing the speckle 
background of a reconstructed holographic 
image in accordance with claim 3 wherein 
said ground glass plate is placed at a 

20 distance away from said effective point 
source which is less than d/(2 tan 0), where 
is the angle between lines drawn tan- 
gential to the sides of the forward lobe 
of the radiation pattern emanating from 

25 said cround glass plate and d is the maxi- 
mum^ diameter of the expansion of said 
effective point source before there results 
an appreciable loss of resolution. 

5 Apparatus for reconstructing a holo- 
30 graphic image from a hologram comprising 

a source of coherent light, means for direct- 
in" said coherent light through said holo- 
gram, means for scattering the light from 
said coherent source prior to its transmis- 
35 sion through said hologram, and means 
for continuously varying the scattering 
pattern produced by said scattering means. 

6 Apparatus for reconstructing a holo- 
graphic image from a hologram in accor- 

40 dance with claim 5 wherein said varying 
means continuously changes the position of 
said scattering means. 



7. Apparatus for reconstructing a holo- 
graphic image from a hologram in accor- 
dance with claim 6 in which said varying 45 
means continuously moves a ground glass 
plate in the path of said light. 

8. Apparatus for reconstructing a holo- 
graphic image from a hologram in accor- 
dance with claim 7 wherein said ground 50 
glass plate is placed at a distance away 
from said effective point source which is less 
than d/(2 tan 0\ where 9 is the angle be- 
tween lines drawn tangential to the sides 

of the forward lobe of the radiation pattern 55 
emanating from said ground glass plate and 
d is the maximum diameter of the expan- 
sion of said effective point source before 
there results an unacceptable loss of re- 
solution. . , ■ ^ 60 

9. Apparatus for producing light to be 
transmitted through a hologram to recon- 
struct a holographic image in accordance 
with claim 11, wherein said developing 
means includes a scatterer positioned in 65 
the path of the light to be used in the 
reconstruction of said image, and said posi- 
tion varying means includes means for 
moving said scatterer in a direction perpen- 
dicular to the axis of said light. 70 

10. A method of reproducing holographic 
images substantially as described with re- 
ference to Figures 2, 4 and 6 of the accom- 
panying drawings. . 

11. Apparatus for reproducing nolo- 75 
graphic images, substantially as described 
with reference to Figures 2, 4 and 6 of the 
accompanying drawings. 

A. A. THORNTON & CO., 
Chartered Patent Agents, 
Northumberland House, 
303/306 High Holborn, 
London, W.C.I. 
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